We have screened strains of Agrobacterium tumefaciens for spontaneous mutants showing constitutive transfer of the nopaline Ti plasmid pTiC58 during conjugation. The Ti plasmid derivatives obtained could be transferred not only to A . tumefaciens but also to E. coli cells. The Ti plasmid cannot survive as a freely replicating plasmid in E. coli, but it can occasionally integrate into the E. coli chromosome. However, insertion in tandem of plasmids carrying fd replication origins (pfd plasmids) into the T-DNA provides an indicator for all transfer events into E. colicells, providing fd gene 2 protein is present in these cells. This viral protein causes the excision of one copy of the pfd plasmid and allows its propagation in the host cell. By using this specially designed Ti plasmid, which was also made constitutive in transfer functions, we found plasmid exchange among A . tumefaciens strains and between A . tumefaciens and E. coli cells to be equally efficient. A Ti plasmid with repressed transfer functions was transferred to E. culi with a rate similar to the low frequency at which it was transferred to A . tumefaciens. The expression of transfer functions of plasmid RP4 either in A . tumefaciens or in E. coli did not increase the transfer of the Ti plasmid into E. culi cells, nor did the addition of acetosyringone, an inducer of T-DNA transfer to plant cells. The results show that A . tumefaciens can transfer the Ti plasmid to E. coli with the same efficiency as within its own species. Conjugational transmission of extrachromosomal DNA like the narrow-host-range Ti plasmid may often not only occur among partners allowing propagation of the plasmid, but also on a 'try-all' basis including hosts which do not replicate the transferred DNA.
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I N T R O D U C T I O N
Transfer of DNA is a common feature amongst bacterial species, including Agrobacterium tumefaciens. This species has, in addition to bacterial transfer of the Ti plasmid, the unique property of transmitting a part of this plasmid, which is the causative agent for a crown gall tumour, to dicotyledonous plant cells (Hooykaas & Schilperoort, 1984; Nester et al., 1984; Gheysen et al., 1985) . We have asked if A . tumefaciens can also transfer its tumour-inducing plasmid to another Gram-negative bacterium like Escherichia coli.
Plasmid transfer between cells requires specific cell-cell interactions, usually mediated by pili which are encoded by conjugative plasmids like the F episome or R plasmids. Broad-host-range plasmids can be transmitted from E. coli cells to agrobacteria and vice versa. They are often used as a convenient tool to transfer genetic information, which has been manipulated in E. coli cells, to agrobacteria for the transformation of plant cells by the Ti plasmid system (Hoekema et al., 1983; Bevan, 1984) . Cointegration of an R plasmid with the Ti plasmid allows conjugational transfer of these two plasmids from A . tumefaciens not only to other agrobacteria but also to Rhizobium, where Ti plasmid genes are efficiently expressed (Hooykaas et al., 1977) . After transfer of such cointegrates to E. culi, their resolution causes a gradual loss of the Ti plasmid part (Chilton et al., 1976; Van Larebeke et al., 1977; Holsters et al., 1978) with the exception of stable cointegrates (Hille et al., 1983) . Neither autonomous replication of the Ti plasmid nor its M . SPRINZL A N D K. GEIDER oncogenicity, i.e. T-DNA transfer to plant cells, could be detected in E. coli cells (Hooykaas & Schilperoort, 1985) .
Transfer of various Ti plasmids between agrobacteria is promoted by octopine for octopine plasmids (Kerr et al., 1977; Genetello et al., 1977; and by agrocinopines for nopaline and agropine plasmids (Ellis et al., 1982a) . Ti plasmids with spontaneous mutations have also been isolated which display constitutive transfer (Holsters et al., 1980; Ellis et al., 1982 b) .
Transfer and propagation of the Ti plasmid seems to be restricted to a narrow host range. Transfer to other Gram-negative bacteria cannot be easily measured due to the inability of the Ti plasmid to replicate in many of these bacteria. Here we describe the isolation of transferconstitutive (Trac) Ti plasmid mutants and the transfer of these plasmid derivatives from A . tumefaciens to E. coli cells. Successful transfer was measured by segregation of a pfd plasmid , inserted as a direct tandem repeat in the T-DNA region. This event is based on the fact that two replication origins of filamentous bacteriophage in one plasmid cause processing at the two origins of viral strand replication. The reaction produces two plasmids with one viral replication origin connected to each segregand (Dotto & Horiuchi, 1981) .
Transfer of Ti plasmid with one copy of a pfd plasmid used as a resistance marker led in rare cases to integration of the entire plasmid into the E. coli chromosome, and in other cases to large deletions in the Ti plasmid part. These latter plasmids, which had the replication functions of phage fd (Geider, 1986) , autonomously replicated in cells with expression of fd gene 2 protein.
M E T H O D S
Bacterial strains and plasmids. These are listed in Table 1 . Bacterial conjugation. Donor and recipient cells were grown to mid-exponential phase before mating. Agrobacteria were cultured in YES medium (Schweitzer et al., 1980) , E. coli cells in Standard I medium (Merck). For crosses in liquid medium 2.5 ml donor cells and 0.5 ml recipient cells were mixed and incubated in a 50 ml Erlenmeyer flask overnight, at 37 "C for E. coli, and at 28 "C for agrobacteria and for mixed matings (agrobacteria and E. coli). For filter matings nitrocellulose filters were placed on Merck Standard I agar (for E. coli and mixed crosses) or on Merck Standard I1 agar (agrobacteria). Droplets (0.05 ml) of a 5 : 1 mixture of cells were applied to filters, which were placed on plates and incubated overnight (15-20 h) at 37 "C (mating of E. coli cells) or 28 "C. The filters were then transferred into 5 ml medium (2 ml for selection of rare events), whirled for 20 s, and 0.2 or 0.5 ml of the undiluted suspension or 0.2 ml of the diluted cells was spread on selective agar.
Selectiveplates. Antibiotics were used at the following concentrations: ampicillin, 100 pg ml-I ; kanamycin, 20 or 50 pg ml-l; streptomycin 500 pg ml-l, or 100 pg ml-' in case of streptomycin/spectinomycin double selections; spectinomycin, 50 pg ml-I ; erythromycin, 30 pg ml-1 ; rifampicin, 200 pg ml-I.
Construction of strains (see also Table 1 ). The plasmid-free A. tumefaciens strains NT-SmSp (3) and NT-EmRif (4) were derived from C58-SmSp(pTi201) and C58-EmRif(pTi201), respectively, by plating the cells on agar and incubating them at 37 "C for 3-4 d. The mutants with double resistances were selected by plating a fully grown culture on Standard I1 agar with one antibiotic. This step was repeated for the second antibiotic with cells from actively growing colonies.
E. coli strain H570 (F: :Tn3) ( 5 ) was obtained by mating H570 with C600-2Sm(pfdA2-Tn3, F+) followed by selection on ampicillin and streptomycin. Transposon TnZO was transduced into strain C600 from strain H594 (H. Hoffmann-Berling) derived from strain HA1 159 (Arthur et al., 1982) by phage PlcmlOO transduction (Miller, 1972) and strain C600 : :TnZO (6) was selected on tetracycline.
E. coli strain C600-2Sm was constructed by infection of strain C600Sm with phage LCH616. A proportion of the cells became lysogenic for the phage, which carries fd gene 2, required for replication of pfd plasmids . The cells were treated with CaCl, (Dagert & Ehrlich, 1979) and transformed with plasmid pfdA2. Kanamycin-resistant cells were cured of the plasmid by growth at 42 "C without selective pressure. The resulting strain C600-2Sm expresses fd gene 2 protein for propagation of pfd plasmids. To obtain S17-2 (K. Geider, unpublished) , fd gene 2 inserted into the galK gene of F'8-gal was transferred to strain S17-1, which carries a mutated RP4 plasmid in the chromosome (Simon et al., 1983) .
Construction of plasmids (see also Table 1 ). To construct plasmid pTi203 (l), plasmid pSS83 was cleaved with restriction enzyme XbaI and plasmid pfdB2 Geider, 1986) was cleaved with EcoRI. After filling the protruding ends with DNA polymerase I the fragments were blunt-end ligated, the DNA was transformed into E. coli C600, and a plasmid with the insert pfdB2 in pSS83 was selected on kanamycin. Digestion of the isolated DNA with EcoRI or XbaI returned the fragments of the two plasmids, because EcoRI/XbaI blunt- 
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Abbreviations: Ap, ampicillin; Em, erythromycin; Km, kanamycin; NPT, neomycin phosphotransferase (kanamycin resistance); Pnos, promoter of the nopaline synthase gene ; Rif, rifampicin; Sm, streptomycin ; Sp, spectinomycin; Tc, tetracycline.
*The designations Em, Rif, Sm or Sp at the end of a strain name refer to the corresponding resistance markers.
The numbers (1) to (8) refer to descriptions in Methods. $ From Tn903 with bacterial kanamycin resistance, the pfd plasmids require the expression of fd gene 2 0 From Tn5, structural gene connected to promoter active in plant cells.
protein in the host cell for their propagation, otherwise they are inert for the replication origin.
end ligation restores the original cleavage sites. This plasmid was transformed into A. tumefaciens CSS(pTiC58) by the freeze-thaw method and the cointegrate resolved by screening the kanamycin-resistant cells for loss of tetracycline resistance (Zahm et al., 1985) .
To construct plasmid pTi205 (2), plasmid pMON I77 was cleaved with EcoRI and a fragment with Pnos-NPT I 1 was ligated into plasmid pfdA8 cleaved with EcoRI. The resulting plasmid pfdA8-177 (7) was cleaved with XbaI and ligated into plasmid pSS83 cleaved with XbaI. Transformation into E. coli C600 gave plasmid pAT832 (8) which turned out to contain a double insertion of pfdA8-I77 as shown in BamHI and SmaI digests. Plasmid pAT832 was transformed into A. tumefaciens strain CSS(pTiC58) as described above for pTi203. The gene for kanamycin resistance (NPT 11) with the nopaline synthase promoter (Pnos) was inserted into pfdA8 for expression of the resistance marker in plants (unpublished data) and does not affect bacteria.
M . S P R I N Z L A N D K . G E I D E R
For further confirmation of pTi construction, A. tumefuciens C58 strains with a modified Ti plasmid (pTi201, pTi203, pTi205) were assayed for oncogenicity on pea seedlings and on kalanchoe leaves. Tumour formation was weak for pTi201 and well visible for the other Ti plasmids.
Curing ofprophuge 1 (Hendrix et al., 1983) . Cells of E. coli C600-2Sm were superinfected on plates with AiZ1 and cells from the lysed area plated on eosin/methylene blue/boullion (EMB) agar. Pink colonies were plated again on EMB plates and cells from white colonies were assayed for sensitivity to phage 1CH616 .
RESULTS

Selection of spontaneous mutants for constitutive Ti plasmid transfer
The Ti plasmid in A . tumefaciens is normally repressed for transfer to other agrobacteria. Crown gall formation on plants induces conjugational transfer of the Ti plasmid (Kerr, 1969) . It is also possible to isolate mutated Ti plasmids which can constitutively transfer to agrobacteria (Holsters et al., 1980; Ellis et al., 19826) . We have isolated spontaneous Trac mutants in plasmids pTi201, pTi203 and pTi205 in order to use this property for transfer of the plasmid into E. coli cells (see Methods).
The appearance of colonies showing Ti plasmids constitutively transferring to plasmid-free cells of A . tumefaciens was a rare event, the frequency of which we estimated to be 1 x 10-8 for the Ti plasmids investigated (Table 2) . We have used these mutants to study the plasmid transfer to E. coli cells, although a problem arose from the fact that the Ti plasmid cannot replicate in E. coli. To overcome this problem, an indicator for plasmid transfer was established by incorporating two replication origins of bacteriophage fd into the plasmid and using host strains able to provide fd gene 2 protein in trans.
Segregation of a plasmid with two phage f d origins in E. coli with expression of f d gene 2 protein
Plasmid pAT832 contained plasmid pfdA8-177 as a tandem insert in the XbaI site of the EcoRI fragment no. 1 of pTiC58. This fragment was cloned in pBR325 (Schweitzer et al., 1980). The structure and arrangement of the insert are indicated in Fig. 1 by the marker 205. When transformed into CaC12-treated E. coli cells (Dagert & Ehrlich, 1979) , plasmid pAT832 was stable in C600, but segregated in C600-2Sm host cells due to expression of fd gene 2. As indicated in Fig. 1 for pTi205, the origins of replication from bacteriophage fd were arranged as a direct repeat. This caused initiation of replication at one origin and termination of the rolling circle by circularization at the other origin as observed already for a similar plasmid (Dotto & Horiuchi, 1981) . The consequence of segregation was the formation of plasmid pfdA8-177 or of plasmid pAT831 with one residual copy of pfdA8-177 in pSS83. When selected on kanamycin, 54% of the colonies grew also on tetracycline. This shows that one fd origin is used to initiate pfd plasmid replication and the other one to terminate replication (see Fig. 1 ). There may be two plasmids coexisting in an E. coli cell, one replicating as a pfA8-177 plasmid and the other one as a pBR plasmid with a silent fd origin. If the second plasmid must also replicate in the mode of phage fd, it will become incompatible with the first pfd plasmid and one of them will disappear The recipient was strain NT-SmSp in each case. Selection was on Standard I1 agar supplemented with kanamycin (50 pg ml-I), streptomycin and spectinomycin. See Table 1 Transfer of the Ti plasmid between A . tumefaciens and E. coli Crosses between A . tumefaciens C58SmSp(pTi205) and E. coli C600-2Sm, and subsequent selection of the resistance marker from pTi205 (Km) and the marker of the recipient (Sm), showed transmission of the Ti plasmid from one species to the other (Table 3) . Successful transfer could be measured by the appearance of plasmid pfdA8-177 in the recipient cells (Fig.  2) , as was found for transformation of E. coli C600-2Sm or H572 with plasmid pAT832. If the Ti plasmid contained a mutation resulting in constitutive transfer for exchange among A . tumefaciens cells (Table 2) , the transfer to E. coli was as efficient as found among agrobacteria (compare Table 2 , crosses 4-8 and Table 3 , crosses 1-4).
We further assayed strains with a Ti plasmid, which was wild-type in transfer functions, for transfer to E. coli cells ( Table 3 , crosses 7-10). The few conjugants obtained all carried plasmid pfdA8-177 (Fig. 2) . The number of colonies obtained in crosses of A . tumefaciens and E. coli was similar to the number observed in crosses between agrobacteria (Table 2, crosses 1-3). We assume that this may be due to the presence of a low number of spontaneous TraC mutants in the population of C58(pTi205).
Further crosses were done with cells carrying plasmid RP4-4, an RP4 derivative with the gene for kanamycin resistance inactivated. As this plasmid is conjugative for a broad host range of Gram-negative bacteria, it is likely that it can co-transfer the Ti plasmid after cointegrate formation. The increase in the number of colonies found for C58(pTi205, RP4-4) compared to C58(pTi205) indicated that this was the case (Table 3, Table 3 were investigated for their plasmid content (lanes 1-4) using the fast preparation procedure with boiling of the lysed cells (Holmes 8z Quigley, 1981) . Lane 5 is plasmid pfdA8-177 (lower band, supercoiled DNA; upper band, relaxed form). Lane 6 is a Hind111 digest of il DNA as a size marker (23.6, 9.6, 6.6, 4.3, 2.3 and 2.0 kb, respectively). Fig. 3 . Hybridization of cellular DNA after transfer of Ti plasmid into E. coli cells. Labelled probes were plasmid pTi201 (lanes 1-3 and 6-8) or pAT19 (lanes 4 and 5). Lanes 1 and 4, DNA from C600Sm(pTi201); lane 2, DNA from C600-2(pAT201); lanes 3,5 and 8, E. coli DNA with an addition of pTi201; lane 6, DNA from C600(pTi203): the EcoRI fragment no. 1 is altered due to the insertion of pfdB2; lane 7, DNA from C600-2Sm(pfdB2-203). Lanes 1-5 represent BumHI digests and lanes 6-8 EcoRI digests.
was no indication of a helper function of RP4 tra genes for separate transfer of the Ti plasmid and plasmid RP4. This was more definitely shown for the RP4 plasmid, which was integrated into the chromosome of the E. coli strain, where no increase of transconjugants was observed in a cross of C58(pTi205) ( Table 3 , cross 9). Also for TraC Ti plasmids no increase of transfer was observed when the recipient cells contained a chromosomal insert of RP4 (Table 3 , crosses 3 and 4). These findings allowed us to conclude that RP4 transfer genes did not support Ti plasmid transfer by improving cell-cell aggregation. Another question was asked on the effect of acetosyringone, an inducer for T-DNA transfer to plant cells (Stachel et al., 1985) . When the drug was present in the agar plate during the mating time, no effect on the amount of selected colonies was found when compared to the absence of acetosyringone (Table 3 , crosses 6,8, and 10). We conclude from these experiments that transfer of the T-DNA is specifically directed to plant cells and not to bacterial cells. This negative result C600-2Sm C600-2Sm S 17-2Sm S 1 7-2Sm C600-2Sm C600-2Sm* C600-2Sm C600-2Sm* S 17-2Sm S 17-2Sm* C600Sm C600Sm 3 x 10-4 4 x 10-4 3 x 10-4 4 x 10-4 1 x 10-6 1 x 10-6 3 x 10-8 1 x 10-8 3 x 10-8 3 x 10-8 0 0
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* Addition of acetosyringone (50 p~) to the agar.
was confirmed by similar mating experiments on plant agar (pH 5-5) with and without acetosyringone.
Transfer of a TraC Ti plasmid to E. coli without fd gene 2 expression did not result in any transconjugants ( Table 3 , crosses 11 and 12). This reflects the fact that the Ti plasmid cannot replicate in E. coli and kanamycin resistance can therefore not be stably maintained. These results do not contradict the findings stated below that under different mating and selection conditions rare events of Ti plasmid integration or deletion mutants of this large plasmid can be found.
Transfer of the Ti plasmid with a stable resistance marker into E. coli
Although crosses between A . tumefaciens and E. colion filters allowed an intensive mating, we applied other mating and selection conditions to look for transfer of the whole Ti plasmid into E. coli cells. We crossed A . tumefaciens strain C58 carrying a Ti plasmid with the insertion of a single pfd plasmid copy (pTi201, pTi203) with E. coli cells in culture overnight at 28 "C and applied various volumes of the mating mixture on to agar with kanamycin and incubated the plates at 42 "C. Agrobacteria respond to elevated temperature by a decrease in growth rate, and they can lose the Ti plasmid, as in the case of strain C58 (Hamilton & Fall, 1971 ; Van Larebeke et al., 1974 ; Watson et al., 1975) . Possible conjugants were selected on kanamycin for transfer of the kanamycin-resistance marker to the recipient E. coli. The high temperature (42 "C) selected against the donor A . tumefaciens. The recipient was either E. coli C600-2Sm (with expression of fd gene 2) or C600Sm. Phage fd gene 2 protein is largely, but not completely, inactivated at 42 "C (Meyer & Geider, 1979) . Strains C600-2Sm as recipient and C58(pTi201) or C58(pTi203) as donor gave rise to several small and medium-sized colonies, which were E. coli cells when checked by the E. coli-specific phage T7. Most of the colonies raised up could be cured of the kanamycin-resistance marker when grown at 42 "C in the absence of kanamycin. This indicated the presence of a plasmid replicating in the fd mode. If cells could not be cured of the antibioticresistance marker the stable maintenance might indicate chromosomal integration of the marker. In the case of pTi201 most of the colonies obtained after mating were small and did not grow well on kanamycin, and a plasmid could not readily be isolated from these cells. Transfer of plasmid pTi203 resulted in larger colonies.
Analysis of DNA from E. coli cells afier transfer of' the Ti plasmid with a stable marker
To investigate the presence of Ti plasmid sequences in E. coli we either tried to isolate plasmids out of the conjugants obtained from the crosses of A . tumefaciens C58(pTi201 Tra") or C58(pTi203 Tra") and E. coliC600; r i. or we prepared total cellular DNA. A plasmid from amating experiment of C58(pTi203 Tra') and C600-2Sm could be readily prepared from the E. coli strain (Fig. 3, lane 7) . Besides the original vector pfdB2, this plasmid contained a 5 kb fragment with sequences adjacent to the insertion site of pfdB2 in pTiC58. The deletion occurred beyond the right border of BamHI fragment no. 10 close to the right T-DNA border and before the left border of the BamHI fragment, as indicated by cleavage with restriction enzymes BamHI, EcoRI, Hind111 and SmaI (Fig. 1) . Hybridization of total bacterial DNA showed the presence of a short segment from the Ti plasmid pTi201 in the case of cells which could be cured (Fig. 3, lane  2) . We assume that the hybridizing BamHI fragment no. 1 was connected to the pfd plasmid and indicated the presence of a low copy number of a plasmid termed pAT201, which could not be isolated by density banding. Since the pfd plasmid was inserted by a BamHI digest that destroyed the replication origin of the complementary strand for fd replication, this function had to be complemented by adjacent DNA (Ray et al., 1982; Geider, 1986) , and surrounding Ti plasmid sequences were apparently not efficient in this function. In the case of pTi203, the inserted pfdB2 DNA left the origin of fd complementary strand replication intact, and plasmid pfdB2-203 could therefore produce larger colonies with normal copy numbers of the plasmid.
When the kanamycin-resistance marker could not be cured from the E. coli cells, we were not able to isolate a plasmid using standard procedures nor by applying procedures which favour the isolation of large plasmids (Schweitzer etal., 1980; Hogrefe & Friedrich, 1984) . In cellular DNA we observed all sequences of the Ti plasmid after transfer of pTi201 or pTi203 (Fig. 3, lanes 1  and 6) . These cells could contain the Ti plasmid integrated into the host chromosome. In a search for border fragments we noticed in strain C600Sm(pTi201) a change in the position of BamHI fragment no. 3, visualized by hybridization with cosmid pAT19 carrying the whole T-DNA sequence (Fig. 3, lanes 4 and 5) . This area might be the integration site of pTi201 into the E. coli chromosome. For C600(pTi203) none of the expected border fragments were found by hybridization with various cosmid clones, which represented about 80% of the genome of pTiC58 (data not shown). Integration might have occurred in unresolved fragments for a restriction enzyme digest or in a region which was not covered by the cosmid probes.
Genetic evidence for chromosomal insertion of the Ti plasmid in E. coli In order to exclude the possibility that strain C600-2Sm(pTi201) carried the Ti plasmid as a lowcopy-number plasmid, which replicated via the phage fd replication origin and gene 2 protein expressed in the host cell, the cells were cured of the prophage ilCH616 carrying an insert with fd gene 2. Superinfection with a phage i Z of different immunity (i2') resulted in cells without the prophage but still carrying the chromosomal markers and the whole Ti plasmid (see Methods). The concomitant lack of fd gene 2 protein expression excluded the possibility that pTi201 replicated via the phage fd origin in C600-2Sm. The same argument holds for strain C600(pTi203), where the Ti plasmid was directly transferred into an E. coli strain devoid of fd gene 2 protein. A more direct way to demonstrate chromosomal integration of the Ti plasmid into the E. coli genome was to transfer pTi201 and pTi203 by conjugation to another E. coli strain. Strains C600Sm(pTi201) and C600(pTi203) were conjugated with the F-donor strain H570 (F : :Tn3) for transfer of the F episome. The resulting strains C600(pTi, F : :Tn3) were mated with C600 : :TnlO to obtain strains with the Ti plasmid and a second antibiotic-resistance marker. This cross did not reveal whether the Ti plasmid was transferred as a cointegrate with the F episome or by chromosomal transfer via Hfr formation. The resulting strains C600 : : TnlO(pTi201) (and pTi203) (F : : Tn3) were then mated with strain W3350Sm. Selection was either for resistance to kanamycin (Ti plasmid) or tetracycline (chromosome of donor) and streptomycin (recipient). The other antibiotic-resistance marker was then assayed by replica plating (Table 4) . The results showed co-transfer of an unselected marker, implying coupling of the Ti plasmid with chromosomal markers. Co-transfer of kanamycin and tetracycline resistance was much higher than expected for a transposition event of TnlO (< Control experiments were done using only the chromosomal marker TnlO (Table 4, cross 5) or kanamycin-and tetracycline-resistance genes, located on the low-copy-number plasmid pRK293 (crosses 3 and 4). Quantitative evaluation showed a low transfer frequency of the chromosomal markers, similar to transfer of the kanamycin-resistance marker of pTi201 and pTi203, and a tenfold higher transfer frequency for the pRK293 markers. Furthermore, the antibiotic resistance markers for pRK293 were highly coupled, whereas for the transfer of the * Selection was on kanamycin (20 or 50 pg ml-*) and spectinomycin (30 pg ml-l) with C600 made spectinomycin-and streptomycin-resistant. Cross no. 8 with this recipient and selection on kanamycin and spectinomycin gave 5 x conjugants per recipient cell. f The same transfer efficiency was found for C600-2Sm as recipient.
pTi marker coupling to tetracycline resistance was low ( Table 4) . We assume this to be due to the fact that chromosomal recombination can separate the markers and that conjugation may result in an incomplete transfer of the donor chromosome. Selection for the kanamycin-resistance marker and its co-transfer were lower than found for the tetracycline-resistance marker, presumably due to the large size of the Ti plasmid to recombine into the bacterial chromosome.
A final genetic proof for chromosomal integration was achieved with the broad-host-range plasmid RP4. The plasmid readily formed cointegrates with other plasmids (Table 3 , crosses 5 and 6), but it is normally not able to integrate into the chromosome (Moody & Runge, 1972; Martin et al., 1981) . As further shown in Table 4 (cross 8), plasmid RP4-4, which was inactivated in the kanamycin-resistance gene, could mobilize plasmid pfdB2-203 by cointegration. On the other hand, plasmid RP4-4 could not mobilize the kanamycin-resistance marker of the Ti plasmid, which was presumably integrated into the E. coli chromosome ( Table 4 , crosses 6 and 7).
DISCUSSION
The nopaline Ti plasmid pTiC58 was modified by insertion of pfd plasmids as a single unit or as a tandem repeat. These Ti plasmids were analysed for the expected sizes of DNA fragments and for their oncogenicity and expression of a resistance marker in plant cells. Selection of TraC mutants from these Ti plasmids allowed not only derepressed transfer among agrobacteria but also from A . tumefaciens to E. coli cells. Transfer frequencies were equal in both cases, indicating efficient cell-cell interaction and unrestricted transmission for the Ti plasmid between the two species. In other reports about transfer of a plasmid from one bacterium to an unrelated species, elements for DNA transfer like the mob function of RP4 (origin of transfer) were inserted into a plasmid which was then mobilized by RP4 transfer genes (Simon et al., 1983) . In this system the basis for plasmid transfer was still a broad-host-range plasmid which could grow in both species, and another plasmid was smuggled into the non-permissive species. Not much is known about the transfer mechanism for the Ti plasmid. Areas on the plasmid responsible for its transfer have been mapped. They were located adjacent. to the genes for nopaline metabolism which were identified in a region to the right of the T-DNA. Other tra functions were located on an area left of the vir region . For octopine plasmids transfer functions were also located to the right of the T-DNA (Koekman et al., 1979) . Transfer genes were affected by various mutations in octopine catabolism which can even produce a Trac-phenotype (Petit & Tempk, 1978; Klapwijk et al., 1978) . This finding was explained with a common regulatory gene for separate operons. Efficiencies for constitutive pTi transfer were between 10-l and conjugants per donor cell. In our experiments (Table 2) the transfer rates were close to assuming a similar cell number of donor (fast-growing) and recipient (slow-growing) cells after incubation overnight.
The Ti plasmid derivatives used in our transfer studies contained the origin of replication from bacteriophage fd which was activated in E. coli cells by expression of fd gene 2. If the insert is a tandem repeat in the size range of 1 kb, the structure may be rarely resolved in agrobacteria by recombination (Zahm et al., 1985) nor can a pfd plasmid be propagated in this host. Furthermore, a pfd plasmid cannot be easily transferred to other cells, because it lacks a site for mobilization. Therefore, all pfd plasmids found in E. coli after mating with A . tumefaciens C58(pTi205) must have been derived from segregation of the Ti plasmid in E. coli by replication in the bacteriophage fd mode.
DNA analysis after transfer of a modified Ti plasmid with one copy of a pfd plasmid showed that the fd origin could not support the replication of a very large piece of DNA. Previously it has been shown that the 15 kb EcoRI fragment no. 1 from pTiC58 can be stably propagated in a pfd plasmid . The 200 kb Ti plasmid was either deleted to a plasmid size smaller than 20 kb or integration into the E. coli chromosome occurred. In other studies plasmid pfdA8-mob, a pfd plasmid with an insertion of the RP4 Mob function (Simon et al., 1983) , was mobilized from a strain carrying an integrated RP4 plasmid (Simon et al., 1983) and fd gene 2 to other cells with fd gene 2 expression (unpublished results). If the recipient was a normal E. coli strain, transfer did not result in a significant establishment of kanamycin-resistance. We assume that either the Ti plasmid has a higher chance of integration due to its large size or that there are insertion elements which facilitate this process. IS elements have recently been discussed as a basis for insertions found in the T-DNA of pTiC58 (Cooksey, 1986) and the octopine plasmid pTiA6 (Waldron & Hepburn, 1983; Binns et al., 1982; Machida et al., 1984) . On the other hand, the large size of the Ti plasmid seems to interfere with recombination, as indicated by a higher rate of transfer for TnZO resistance compared to the pTi marker (Table 4) .
Another open question is whether Ti plasmid integration into the E. coli chromosome is random, as in the formation of Hfr strains by F episome integration (Miller, 1972) . Plasmid RP4 integrates into E. coli chromosomes only under selective pressure such as incompatibility (Simon et al., 1983) or in the case of integrative suppression (Martin et al., 1981) . In the latter example unstable integration was located near the gene dnaA. Here we used the chromosomal integration deficiency of RP4-4 to look for a possible transfer of the pTi kanamycin-resistance marker, Only pfdB2-203 could be transferred, but not the resistance marker from C600(pTi201) or C600(pTi203). This also demonstrated Ti plasmid integration into the chromosome of the latter strains.
Despite the difficulties of survival of the Ti plasmid in the non-permissive host E. coli, it was efficiently transferred to these bacteria. It was an unexpected result that there is promiscuous transfer of the Ti plasmid to bacteria without the ability to replicate the plasmid. When linked to a Bacteroides plasmid, an IncP plasmid could be transferred and maintained in this organism (Guiney etal., 1985) , and plasmid ColIb-P9 transposed Tn5, when its host E. coliwas mated with Pseudomonasputida and other Gram-negative bacteria (Boulnois et al., 1985) . This implies that genetic exchange can occur among many organisms which try to find a niche for their plasmids by spreading them to other cells and to adapt them to a new environment.
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